S
everal recent studies have emphasized that known risk factors account for more than three quarters of cases of coronary heart disease (CHD) in the United States (1) (2) (3) (4) . These studies have demonstrated that most individuals with CHD have at least 1 or more antecedent risk factors for CHD (1) (2) (3) 5) and that optimal levels of known risk factors are associated with very low vascular risk (4) . These data support measuring vascular risk factors to screen for CHD risk, which would allow higher-risk individuals to be targeted for appropriate treatment (6 -8) .
Law and colleagues (9) , however, have suggested that risk factors make poor screening tools. They highlighted the continuous relationship between levels of most risk factors and CHD risk (9 -11) and concluded that screening based on conventional definitions of high risk factor levels would be ineffective because "the 10% in the population with the most extreme values . . . experience only about 20% of the disease events" (9) . Since the proportional treatment benefits are similar over a continuous range of risk factor values (12, 13) , Law and colleagues have proposed that the entire adult population older than age 55 years should receive mass treatment with a combination "polypill" (containing a statin, aspirin, 3 blood pressure-lowering medications, and folic acid) without any risk factor screening. According to Law and colleagues, such treatment would lower average levels of several risk factors simultaneously to prevent cardiovascular disease events (14) . Their proposal is based on the premise that population attributable risk associated with a certain level of a risk factor (borderline or elevated) depends not only on the relative risk but also on the risk factor's prevalence (15) . Average risk factor levels may contribute substantially to CHD burden because of their high prevalence. Indeed, some data support the notion that people with average levels of risk factors (below recognized intervention thresholds) account for a sizable proportion of individuals with vascular disease (16) .
We investigated the relative contributions of borderline (suboptimal but below current treatment thresholds) and elevated vascular risk factors to CHD burden in the United States. To do this, we first examined the absolute rates of CHD events associated with borderline risk factors in a community-based sample. We then estimated the absolute burden of CHD in the United States arising from borderline risk factors by applying these event rates to a national probability sample for which the risk factor prevalence has been well characterized.
METHODS

The Framingham Study Sample
The selection criteria and study design of the Framingham Heart Study and the Framingham Offspring Study have been described previously (17, 18) . Participants in the Framingham Heart Study who attended original cohort examination 11 from 1968 to 1972 (n ϭ 2995) and participants in the Framingham Offspring Study who attended examination 1 from 1971 to 1974 (n ϭ 5124) or examination 3 from 1984 to 1987 (n ϭ 3873) were eligible for this study. These examinations are referred to as the baseline examinations. Of the 11 952 attendees, we excluded those with prevalent cardiovascular disease (n ϭ 1483 [12%]), those with missing risk factor data (n ϭ 492 [5%]), and those who were younger than age 35 years or older than age 74 years at the baseline examinations. After exclusions, 7391 participants, 3973 of whom were women, remained eligible for this investigation. Persons from the offspring cohort who were eligible at examination 1 remained eligible at examination 3 if they reached that examination free of cardiovascular disease.
Measurement of Risk Factors and Classification
At the baseline examinations, all participants underwent a physical examination (with a medical history), laboratory assessment of cardiovascular disease risk factors, and routine electrocardiography. A physician using a mercury column sphygmomanometer measured systolic and diastolic blood pressure twice while participants were seated; the 2 readings were averaged to determine the examination blood pressure. Levels of each of 5 established and modifiable CHD risk factors were classified as optimal, borderline, or elevated (or low in the case of high-density lipoprotein cholesterol) according to national guidelines. Blood pressure was considered optimal if the systolic pressure was less than 120 mm Hg and diastolic pressure was less than 80 mm Hg (referent), borderline if the systolic pressure was 120 to 139 mm Hg or diastolic pressure was 80 to 89 mm Hg, and elevated if the participant had hypertension (19) . Low-density lipoprotein cholesterol level was considered optimal at less than 2.59 mmol/L (Ͻ100 mg/dL) (referent), borderline at 2.59 to 4.12 mmol/L (100 to 159 mg/dL), and high at greater than 4.12 mmol/L (Ͼ159 mg/dL) (7). High-density lipoprotein cholesterol level was considered optimal at more than 1.53 mmol/L (Ͼ59 mg/dL) (referent), borderline at 1.04 to 1.53 mmol/L (40 to 59 mg/dL), and low at less than 1.04 mmol/L (Ͻ40 mg/dL) (7). Glucose tolerance was classified as normal, borderline if the participant had impaired fasting glucose or impaired glucose tolerance, or elevated if the participant had diabetes (20) . Smoking status was categorized as optimal if the participant was a nonsmoker, borderline if the participant was a former smoker, and elevated if the participant was a current smoker. Former smokers were considered borderline in terms of risk prediction because data show that they remain at increased CHD risk compared with nonsmokers for a few years after smoking cessation (21).
Participants were categorized according to the number of optimal, borderline, and elevated risk factors. The categories were all optimal, 1 or more borderline risk factors but no elevated risk factors, and 1 or more elevated risk factors. The third category was further stratified by numbers of borderline risk factors. Although the relationship between risk factors and CHD is continuous, we chose to analyze categories because our study focused on borderline risk factor levels.
Follow-up and Outcome Events
All study participants were under continuous surveillance for CHD events and death. We obtained information about CHD events at follow-up with the aid of medical histories, physical examinations at the Framingham Heart Study (biennially for the original cohort and every 4 years for the offspring cohort), hospitalization records, and communication with personal physicians. All suspected new events were reviewed by a panel of 3 experienced investigators, who evaluated all pertinent medical records while blinded to risk factor data. Our primary outcome of interest was the time to occurrence of a first "hard" CHD event (recognized or unrecognized myocardial infarction or coronary death) during 12 years of follow-up. A diagnosis of recognized acute myocardial infarction required the simultaneous presence of at least 2 of the following 3 criteria: symptoms consistent with myocardial infarction, diagnostic electrocardiographic changes, and diagnostic
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Article Borderline Vascular Risk Factors and Coronary Disease Burden elevation of biomarkers (22) . Unrecognized myocardial infarction was diagnosed when an electrocardiogram revealed new pathologic Q waves compared with the participant's last available tracing and myocardial infarction was not known to have occurred in the interim (22) . Hard CHD events have been used previously as an outcome for Framingham-based risk prediction algorithms (23, 24) .
Risk Factor Distribution in the Third National Health and Nutrition Examination Survey Sample
Since the distribution of risk factors in the Framingham Study sample may differ from that in the U.S. population, we chose to examine the distributions of risk factors using data from the Third National Health and Nutrition Examination Survey (NHANES III), a national probability sample of noninstitutionalized persons (25). In addition, to permit comparisons with the Framingham Study sample and to facilitate extrapolations of Framingham CHD event rates to the U.S. population, we examined data for nonHispanic white persons in NHANES III who were between the ages of 35 to 74 years and who did not have a history of a previous vascular event (self-reported myocardial infarction, angina, stroke, heart failure, or intermittent claudication). Furthermore, we included only persons who had a morning examination and who had been fasting for at least 9 hours; this restriction permitted us to use 1 weighting variable for all risk factors (individual and combinations). Although this restriction excluded approximately 60% of the participants, there was no evidence of selection bias. The distributions of sex, blood pressure, and smoking status among participants who were excluded because of a nonfasting state or missing risk factors were similar to those in the included participants (P Ͼ 0.2 for all [data not shown]).
Data on risk factors for eligible individuals from NHANES III were categorized by using the same criteria noted for the Framingham Study sample. The laboratory methods for NHANES III have been detailed elsewhere (26). The prevalence of risk factor categories was examined for the overall sample and for 4 age groups defined a priori (35 to 44 years, 45 to 54 years, 55 to 64 years, and 65 to 74 years).
Statistical Analysis
Our objective was to develop internally consistent estimates of first hard CHD event rates in the United States by age, sex, and risk factor groups. We also sought to estimate the fraction of hard CHD events that occurred in men and women according to the number of borderline and elevated risk factors (and their combinations). We estimated the number of white persons in the United States with incident hard CHD events over a 10-year period in each of the risk factor combinations by using the following 7 steps.
1. We estimated sex-specific Cox proportional hazards regression functions that related the various risk factor combinations to the incidence of a first hard CHD event in the Framingham Study sample. Ten-year CHD event rates, age-adjusted to the 2000 standard population, were estimated for each risk factor combination in the Framingham Study sample on the basis of 12-year follow-up. We modeled the different risk factor combinations using a set of dummy variables that accounted for the number of optimal, borderline, and elevated risk factors, not the specific risk factors that made up each combination (Appendix, available at www.annals.org). This classification scheme assumes that the hazards posed by borderline or elevated levels of the 5 CHD risk factors are similar. We chose this analytic strategy to facilitate simple yet meaningful interpretation of results. In Cox models incorporating categories of risk factors, with the optimal category serving as the referent, parameter estimates for different elevated risk factors were very similar, and parameter estimates for various borderline risk factors were equivalent, thereby providing support for our strategy. For example, regression coefficients (ϮSE) for high blood pressure, high levels of lowdensity lipoprotein cholesterol, low levels of high-density lipoprotein cholesterol, smoking, and diabetes were 0.75 Ϯ 0.19, 0.79 Ϯ 0.22, 0.75 Ϯ 0.22, 0.66 Ϯ 0.15, and 0.62 Ϯ 0.17, respectively, in men. Consequently, absolute CHD event rates were consistent for a given number of borderline and elevated risk factors regardless of the specific combinations of risk factor levels that yielded the number (data not shown). These observations are consistent with our previous report showing that summing the number of risk factors predicts CHD risk reasonably well (23).
2. We estimated 10-year CHD event rates for each risk factor combination in specific age strata in the Framingham Study sample by substituting the midpoint for the age group into the sex-specific regression equation. For example, we used the model developed in men (pooling men of all ages) and estimated event rates for men 45 to 54 years of age by considering age 50 years in the model (Appendix, available at www.annals.org).
3. We estimated the prevalence of various risk factor combinations in different age strata for the NHANES III sample and then applied them to 2000 U.S. Census data (27) to estimate the numbers of individuals at risk for CHD in each risk factor combination in each age stratum.
4. We estimated the number of individuals who would be considered to have a high global risk (defined as an absolute hard CHD event rate of Ն10%) by summing the numbers of individuals in strata in the NHANES III sample that corresponded to categories associated with a 10-year hard CHD event rate exceeding 10% in the Framingham Study sample. While the threshold of absolute event rates that defines high risk varies across guidelines (5% for fatal cardiovascular disease in European guidelines [28] to 20% for CHD events in a recent U.S. report [29] ), we empirically chose a 10% threshold for global risk because the outcome of interest was hard CHD events.
5. We then applied estimates of the 10-year hard CHD event rates derived in step 2 (in the Framingham Study sample) to the population estimates of the numbers of individuals at risk for CHD from step 3 to calculate the numbers of adults with incident CHD over a 10-year period for each risk factor combination in each baseline age stratum. We have previously reported that Framingham Study risk functions yield reasonable estimates of absolute CHD risk in samples of white persons in the United States (24).
6. We determined the fractions of estimated CHD events in each risk factor combination within each baseline age stratum (and overall) by dividing the number of estimated CHD events in that risk factor combination by the total number of estimated CHD events in an age stratum (and overall). Bar graphs were constructed to facilitate interpretation of these fractions (30).
7. The numbers obtained from step 5 were summed across all risk factor categories to estimate the fractions of CHD events in white persons in the United States that arise from each risk factor combination.
Role of the Funding Source
This work was supported in part through research grants from the National Heart, Lung, and Blood Institute to Dr.
Vasan. The funding source supported the collection and analyses of data but did not influence the interpretation of the data or the decision to submit the work for publication. Table 1 shows the prevalence of individual CHD risk factors and risk factor combinations in the Framingham Study and NHANES III samples. Generally, the risk factor distributions were similar. Individuals in the Framingham Study sample had a higher prevalence of high blood pressure and smoking, and a greater proportion of women in the Framingham Study had elevated levels of low-density lipoprotein cholesterol. Optimal levels of all 5 risk factors were distinctly rare in both samples. Twenty-six percent of men and 41% of women in the NHANES III sample had 1 or more borderline risk factor but no elevated risk factors (Appendix Table 2 , available at www.annals.org). Approx- * HDL ϭ high-density lipoprotein; LDL ϭ low-density lipoprotein; NHANES III ϭ Third National Health and Nutrition Examination Survey. † Data for 1488 eligible non-Hispanic white persons who were 35 to 74 years of age and had no vascular disease in their medical history. There were 10 507 non-Hispanic white persons in the NHANES III sample (out of 33 199 for all ethnicities). Persons Ͻ35 years of age (n ϭ 4825), persons Ͼ 74 years of age (n ϭ 1658), those who fasted less than 9 hours (n ϭ 1841), those with a history of vascular disease (n ϭ 262), and those with missing risk factor data (n ϭ 433) were excluded.
RESULTS
Risk Factor Profiles in the Framingham Study and NHANES III
imately 60% of the men in both samples, 60% of the women in the Framingham Study sample, and approximately 50% of the women in the NHANES III sample had 1 or 2 elevated risk factors in both samples. Few individuals in either sample had 3 or more elevated CHD risk factors. Table 2 shows the age-specific prevalence of risk factors in the NHANES III sample. Optimal levels of all 5 CHD risk factors were distinctly rare in any age group for either sex, with the exception of women 35 to 44 years of age. Prevalence of elevated risk factors increased with age in both sexes. For any given age group, the risk factor profile was worse in men than in women. As a result, a higher proportion of women had 1 or more borderline risk factors. Two thirds of men and one third of women 35 to 44 years of age had 1 or more elevated risk factors. Three quarters of men and more than half of women older than age 55 years had 1 or more elevated CHD risk factors.
CHD Event Rates in Age and Risk Factor Strata in the Framingham Study Sample
On follow-up, 478 first hard CHD events (135 in women) occurred in the Framingham Study sample. Tables 3 and 4 show the age-adjusted and age-specific 10-year CHD event rates by sex (95% CIs around estimates of event rates are shown in Appendix Table 3 , available at www.annals.org). In both sexes, event rates increased progressively from those seen in persons with only borderline risk factors to those seen in persons with increasing numbers of elevated risk factors.
In men, CHD event rates rose as the number of borderline risk factors increased when strata with all borderline risk factors or with only 1 risk factor were considered. Ten-year absolute CHD risk exceeded 10% in men older than age 45 years at baseline who had any 1 elevated risk factor and borderline levels of the other 4 risk factors, and in those who had at least 2 elevated risk factors. In men with 2 or more elevated risk factors, the presence of other borderline risk factors did not have additional incremental influence on risk.
Generally, presence of borderline risk factors increased risk further in women in whom 1 or more CHD risk factors were elevated. Absolute CHD risk exceeded 10% only in women older than age 55 years who had at least 3 elevated risk factors. An exception was the age group 65 to 74 years, in which the absolute CHD risk exceeded this threshold with 1 or 2 elevated risk factors and multiple borderline risk factors.
Estimated Population at High Global Risk in the United States
We estimated that of 47 million white men between age 35 and 74 years, 17.7 million (37.7%) would be categorized as at increased global risk (10-year absolute CHD event rates Ͼ10%) and about 6.5 million men would be categorized as at extremely high risk (10-year absolute CHD event rates Ͼ20%). Overall, 10.4 million men older than age 55 years (63%) would exceed the 10% risk threshold for hard CHD events. Of 49 million white women between age 35 and 74 years, 2.39 million (4.9%) would be deemed to be at high risk. About 2.3 million women older than age 55 years (12.6%) would exceed the 10% threshold. The proportions of men and women at varying degrees of vascular risk in different age groups are shown in Figure 1 .
Projected Burden of Hard CHD Events due to Elevated Risk Factors
We estimated that over a 10-year period, nearly 4.72 million white men and 1.09 million white women in the United States would experience a first hard CHD event (Tables 3 and 4) . The numbers of estimated hard CHD events by sex, in different age groups, and according to borderline and elevated risk factors are displayed in Tables 3 and 4. During 10 years of follow-up, about 56% of CHD events in men and 70% of events in women will occur in those older than age 55 years at baseline; 29.5% of events in men and 39.6% of events in women will occur in those older than age 65 years at baseline. Of note, a significant proportion of events will occur in younger age groups. In men, 17% of events will occur in the next 10 years in those 35 to 44 years of age at baseline and 26.7% of events will occur in those 45 to 54 years of age at baseline. Corresponding figures in women are 9.7% and 20.5%, respectively.
More than 90% of CHD events will occur in persons with 1 or more elevated risk factors. About 8% of hard CHD events will occur in people with multiple borderline risk factors but without a single elevated value (Figure 2) .
More than 25% of CHD events will occur in persons with only a single elevated CHD risk factor, and more than two thirds will occur in people with 1 or 2 elevated risk factors. The contribution of multiple borderline risk factors was marginally higher in the younger age groups, in part because of a greater prevalence (Figure 2 ).
DISCUSSION
Our principal findings are 5-fold. First, an optimal CHD risk profile is rare among U.S. adults. Consistent with other reports (1, 3, 4) , we noted very few CHD events in the small group of men and women with an optimal risk factor profile. Second, about half of the men and 5% of women between the ages of 35 and 74 years would be categorized as having high global risk according to the 10% absolute event rate threshold for hard CHD events. Third, despite a high prevalence in the United States, borderline CHD risk factors alone contributed to only about one tenth of hard CHD events across the different age groups in both sexes. Fourth, as reported by others (1, 3, 4) , most CHD event rates were noted in persons with 1 or more elevated CHD risk factors. Borderline risk factors contributed incrementally to CHD risk in the presence of other elevated risk factors, a finding that was more consistent in women than in men. Fifth, nearly one sixth of hard CHD events in men occur prematurely, that is, before age 55 years. There are several reasons why borderline risk factors accounted for a smaller proportion of hard CHD events in our study than had formerly been reported. First, with the sequential lowering of thresholds defining elevated risk factors in national guidelines, what was considered average a decade ago has been reclassified as elevated today. Second, the actual contribution of borderline risk factors may be greater than observed in our study because of measurement error (regression dilution bias). A third explanation is that our analyses did not consider duration of exposure to risk factor levels because we focused on 10-year risks for CHD. It is conceivable that long-term exposure to borderline risk factors may be associated with higher risk over a longer period of follow-up. Current guidelines (7) recommend considering both short-and long-term risk for CHD associated with risk factors.
Strengths and Limitations
Several strengths of our investigation merit comment. Our CHD event rates were derived from a large community-based sample that was under continuous longitudinal surveillance for CHD events defined using standardized criteria. We estimated the prevalence of risk factor levels within age strata by using a sample representative of the U.S. adult population. However, our approach also has 
Public Health Implications
The quantitative estimates of the fractions of events arising from risk factor combinations are valuable data for the economic appraisal of alternative health policy strategies, such as the potential benefits of health interventions. For example, it can be argued on the basis of our data that using a "polypill" for all individuals older than age 55 years (14) may be inappropriate for several reasons, at least in the United States. First, about one sixth of the CHD events in men and one tenth of the CHD events in women occurred before age 55 years and would not be prevented by a polypill. Second, for women, the 10-year absolute CHD event rates do not cross the 10% threshold regarded as high, even when 2 CHD risk factors are elevated (29) . The polypill intervention strategy (14) may merit investigation for men older than age 55 years, in whom absolute CHD rates may exceed the 10% threshold with a single elevated risk factor.
Our data indicate that isolated borderline risk factors, without elevated risk factors, account for only about one tenth of the burden of hard CHD events. Given that control of elevated blood pressure and lipid levels is suboptimal in the United States (19, 33) , a focus on lowering Article Borderline Vascular Risk Factors and Coronary Disease Burden borderline levels of these risk factors by pharmacologic means would seem misplaced in persons without previous CHD events. Nonpharmacologic measures to reduce borderline levels of risk factors may be more appropriate. Periodic monitoring of individuals with borderline levels of risk factors is also important because of the greater probability of further increases in risk factor levels on follow-up.
Although clinical trial data indicate that lowering borderline levels of risk factors can improve outcome, we must consider the number needed to treat for benefit (NNT B ) to prevent an outcome before advocating pharmacologic treatment. This figure is determined not only by the relative risk reduction but also by the absolute event rates observed. Thus, the 5-year NNT B for treatments that can reduce risk by 25% varies from 80 to 160 if the global risk (absolute CHD event rate) is between 10% and 5%. Even if a treatment reduces risk dramatically, for example, by 80% (as claimed for the polypill), the 5-year NNT B for men with only borderline risk factors (10-year absolute event rate Յ7.5%) would be 33 or higher. In women with only borderline risk factors (absolute event rate Յ5%), the 5-year NNT B for the polypill would be 50 or higher, assuming an 80% efficacy.
Overall, our data support the current practice of assessing CHD risk by measuring several risk factors and using an appropriately calibrated risk prediction algorithm to guide interventions (6, 28) . Our data are also consistent with current national guidelines noting that absolute CHD event rates are lower than 10% in individuals with 0 to 1 risk factor (7) . The observation that one sixth of the CHD events in men and one tenth of the CHD events in women occurred before age 55 years should promote efforts to successfully identify the presence of elevated major risk factors before middle age and to intervene appropriately.
Our data indicate that about two thirds of men and one third of women 35 to 44 years of age have an elevated modifiable risk factor that could be targeted for intervention. Determining the effectiveness of nonpersonal health interventions (34) and therapeutic lifestyle changes (7) would be important complementary steps. The markedly low prevalence of optimal risk factors in the United States and the national trend toward a decrease in the proportion of adults with optimal risk factor profiles (35) should strengthen primary prevention efforts (36 † Age-adjusted to NHANES III sex-specific mean ages (men, 50.3 y; women, 51.5 y). ‡ NHANES III includes several million men and women when weights are applied, so the 95% CIs around the estimates for NHANES III do not differ greatly from the estimates.
